Purpose: To report outcome in a paediatric cohort with cataract extraction and implantation of bag-in-the-lens intraocular lens (BIL-IOL). Methods: Children younger than 16 years of age subjected to phacoemulsification with primary implantation of BIL-IOL during 2009 through 2013 were analysed retrospectively. Exclusion criteria were uveitis or ≤6 months of follow-up. Results: In total, 109 eyes of 84 children were included; 40 unilateral and 44 bilateral cataracts. For all eyes, median age at surgery was 2.5 years (range 2 weeks to 14.1 years) and 16 children (24 eyes) were ≤6 weeks. Coexisting systemic disease was more common in children with bilateral cataract (24 patients, 54.5%) compared to unilateral cataract (6 patients, 15.0%, p < 0.0001). Ocular comorbidity was more common in unilateral cataracts; n = 14 eyes (35.0%) compared to bilateral cataracts; n = 10 eyes (14.5%; p = 0.017). Median follow-up was 2.8 years (range 7 months to 5.8 years). During the follow-up period, 15 (13.8%) eyes developed glaucoma and five (4.6%) eyes required treatment for visual axis opacification (VAO). Corrected distance visual acuity (CDVA) for bilateral cataracts at last follow-up was 0.42 AE 0.45 (logMAR; meanAESD) with 35 (55.6%) eyes attaining a CDVA of ≥0.5 (dec). For unilateral cataracts mean CDVA was significantly poorer; 0.67 AE 0.51 (p = 0.010) with 15 (37.5%) eyes attaining a CDVA of ≥0.5. Conclusion: For children having cataract surgery with primary implantation of BIL-IOL, VAO is rare and visual outcome overall good. Unilateral cataracts are associated with a higher proportion of ocular comorbidity and poorer visual outcome.
Introduction
Paediatric cataract surgery poses many challenges and difficult decisions, such as timing of surgery, type of procedure, whether to leave the child aphakic or not and if implanting an intraocular lens (IOL) ; what type of IOL to choose and what refractive target to aim for. A major issue in management of paediatric cataract is how to avoid visual axis opacification (VAO), a complication that occurs in close to 100% of young children subjected to cataract surgery if no special measures are taken (Vasavada & Chauhan 1994; KnightNanan et al. 1996; O'Keefe et al. 2001) . As treatment of VAO in young children requires surgical discission in general anaesthesia, it is a resource demanding treatment that may be associated with intraoperative complications and repeated procedures are often required. The introduction of a posterior continuous curvilinear capsulorhexis (PCCC) and anterior vitrectomy has reduced the rate of VAO but the incidence remains high (Magnusson et al. 2000; Vasavada et al. 2011) .
One strategy against VAO, as developed by professor Marie-Jos e Tassignon, is the bag-in-the-lens intraocular lens (BIL-IOL) (Tassignon et al. 2002) . With the BIL-IOL technique, the edges of both the anterior and the posterior rhexises are inserted into a groove at the equator of the BIL-IOL, which resembles the rim of a wheel in shape. This blocks migration of the remaining lens epithelial cells to the posterior lens capsule, thereby preventing the formation of posterior capsule opacification (PCO). Indeed, the cumulative neodymium:YAG laser rate after BIL-IOL implantation in adults was zero (followup 17-72 months), and the incidence of VAO in paediatric eyes after 5 years follow-up or more was only 8.7% (Leysen et al. 2006; Van Looveren et al. 2015) . It has also been proposed that as the remaining lens epithelial cells are sealed off from the aqueous humour, this may contribute to a low postoperative inflammatory response, something that is especially important in uveitic eyes or in paediatric cataract surgery (Palsson et al. 2015; Van Looveren et al. 2015) .
Since 2009, the BIL-IOL has been the first choice of IOL for paediatric cataracts at the Eye Clinic at Sahlgrenska University Hospital in M€ olndal, regardless of the age of the patient. The cohort described in this study is the largest so far to report on the outcome in children subjected to cataract surgery with primary implantation of BIL-IOL.
Materials and Methods
During the period 2009-2013, a total number of 109 eyes from 84 patients ≤16 years old were subjected to cataract surgery with phacoemulsification and primary implantation of a BIL-IOL. For implantation of a BIL-IOL, the following criteria are applied in our clinic: 1) an axial length of ≥15 mm; conditions enabling a 5-mm capsulorhexis, that is good mydriasis and a fairly normal sized lens (precluding microphakia). If those requirements were not fulfilled, the child was left aphakic. During the study period, this was the case for 21 eyes of 14 individuals; of these, six eyes were shorter than 15 mm. For children older than 3 months and with an axial length of >19 mm, another type of IOL was sometimes chosen, such as the hydrophobic acrylic three-piece IOL; Tecnis ZA9003 (Abbott Medical Optics, CA, USA). This was mainly related to capsulorhexis difficulties. During the study period, 15 eyes of children within the age span included in the study, received another type of IOL than a BIL-IOL; the majority of these children were 8 years or older. Only eyes with primary implantation of BIL-IOL were included in the study, which hence constituted the vast majority of all paediatric cataracts. Patients older than 16 years of age were excluded, as were patients with uveitis, as the latter were subjected to combined phacoemulsification with primary pars plana vitrectomy (Palsson et al. 2015 ). An additional exclusion criterium was a shorter follow-up than 6 months.
Data on age at surgery, systemic and ocular comorbidity, type of cataract, intra-and postoperative complications as well as visual outcome were retrieved from medical journals. Glaucoma was defined as intraocular pressure ≥22 mmHg and one of the following anatomic criteria: buphthalmus/enlarged cornea, corneal oedema, glaucomatous appearance of the optic disc, a myopic shift or an increase of axial length more than predicted based on individual growth curves (Nystrom et al. 2010) . Visual axis opacification (VAO) was defined as any opacification obscuring the central axis requiring treatment, either by Nd:YAG laser capsulotomy or surgical discission. The local ethical committee approved the study, and the tenets of Helsinki were followed.
Biometry and surgical technique
Younger children had their biometric data taken under general anaesthesia. Those who could cooperate and who had a medium dense cataract had theirs from IOLMaster Ò (Carl Zeiss Meditec, Germany). Keratometry measures were from a vertically mounted Javal Keratometer. Corneal diameter as well as cataract and pupillary size were measured by a ruler. Axial length was measured by Accutome Ò ultrasonic biometry device (Accutome Inc, Malvern, PA, USA).
All surgical procedures were performed by the same surgeon (A. N.) with the patient under general anaesthesia. A bridal suture in the rectus superior muscle kept the eye in position to enhance suturing. A 20G stab incision was made at 2 o'clock, and viscosurgical device (sodium hyaluronate 1.4%; Healon GV Ò , Abbott laboratories, Lake Bluff, IL, USA) was injected into the anterior chamber. A 2.8-mm corneoscleral incision was made under a conjunctival flap in the 12 o'clock position, and a closed ring guider, 5 mm in diameter (Morcher GmbH, Stuttgart, Germany), was placed on the anterior capsule to give the proper size of the anterior capsulorhexis. A continuous curvilinear capsulorhexis and hydrodissection were performed, after which the lens was aspirated using a phaco tip (Accurus© AVGFI system, Alcon laboratories, Fort Worth, TX, USA) with little or no phaco power to secure that movements in the anterior chamber were limited, as movements makes the pupil contract and a large pupil size is important during the posterior capsulorhexis procedure. Soft iris hooks were never used but in rare cases the Malyugin ring© (MicroSurgical Technology, Redmond, WA, USA) was inserted to maintain pupil size. Under protection of HealonGV, the posterior capsule was punctured by a sharp 27G needle. Through a 29/44G poly-tip retinal cannula Bergers spatium was dissected to the size of Wieger's ligamentum, after which a PCCC was performed. Much care was taken in making the anterior and posterior capsulorhexises the same size (Fig. 1) . In case of an intact vitreous membrane, no vitrectomy was performed. However, in the early surgery group, many patients did have defects in the surface after the dissection and anterior vitrectomy was carried out. The Morcher 89A IOL (Morcher GmbH) was injected through a Naviject© 1p injector (Bausch & Lomb, Bridgewater, NY, USA) into the anterior chamber and slowly luxated in position with its rear plate behind the posterior capsule and the anterior plate on top of the anterior capsule. The incisions were sealed by 10-0 Ethilone© suture with a CS ultima spatula needle. Healon GV was aspirated though a cannula, and 1-mg cefuroxime was injected to minimize the risk of infection. The conjunctiva was closed with a 10-0 vicryl suture to provide maximal comfort and allow proper inspection of the eye the day after surgery. At the end of the procedure, betamethasone was administered subconjunctivally (0.5-2 mg according to the weight of the child)
Post-operative treatment/follow-up
Patients were put on a regimen with topical dexamethasone (1 mg/ml) 8 times daily for 1 week after which it was tapered out during 6 weeks. Postoperative appointments were scheduled at 1 day, 5 days, 2 and 6 weeks after surgery. On day 5, measurements were usually taken for prescription of contact lenses, which were then in use from the second week post-operatively. Patching was started early in unilateral cataracts, typically from the first postoperative week. Visual acuity (VA), recorded as best corrected visual acuity (BCVA), was available for 103 eyes (data missing n = 6; 5.5%). Methods for measuring VA varied according to the ability of the child to cooperate and depending on local routines, but included Snellen charts, that is Kay picture test, HOTV and KM (Kay 1983; Moutakis et al. 2004) . Visual acuity (VA) given as counting fingers was converted to Snellen equivalents.
Statistical analysis
All arithmetic procedures regarding VA were performed after logMAR conversion. Mean and standard deviation (SD) and/or median with range are given as appropriate. For continuous parameters Student's t-test and Mann-Whitney U-test for two independent samples were used. For categorical data, chi-square test for small samples (Fisher's exact test) was used. A p < 0.05 was considered statistically significant. SPSS, version 22.0 for Mac (SPSS Inc., Chicago, IL, USA) was used as statistics software.
Results
The study included 84 children: 40 with unilateral and 44 with bilateral cataract. The male:female ratio was 1:1. For the 44 children with bilateral cataract, 25 received a BIL-IOL in both eyes, whereas 19 children with bilateral cataract only had a BIL-IOL in one eye, resulting in a total number of 109 eyes included in the study. Median age at surgery for the entire cohort of eyes was 2.5 years (range 2 weeks to 14.1 years). For age distribution at surgery, see Fig. 2 . A majority of the children in the bilateral group (n = 24, 54.5%) had systemic diseases or malformations, the most common diagnoses being cardiac malformations (n = 6, 13.6%) and Down's syndrome (n = 5, 11.4%), compared to the unilateral group where only (n = 6, 15.0%) had coexisting systemic disease or malformations (p < 0.0001). The opposite was the case regarding ocular comorbidity, which was more frequent in the unilateral group -(n = 14, 35.0%) of all eyes -compared to (n = 10, 14.5%) of the eyes in the group with bilateral cataracts (p = 0.017). The most common coexisting ocular disease in both groups was persistent foetal vasculature (PFV); (n = 9, 22.5%) of the unilateral cataracts had PFV and (n = 4, 5.8%) of the bilateral cataracts. Posterior subcapsular opacities was the most common type of cataract in the unilateral group (n = 23, 57.5%), whereas lamellar cataracts were predominant in the bilateral group. For an overview of the demographics and clinical characteristics of the study patients, see Table 1 .
Median follow-up time after initial surgery was 2.9 years (range 7 months to 5.8 years). A summary of the postoperative complications is shown in Table 2 . During the follow-up period, 15 (13.8%) eyes developed glaucoma. There was no significant difference in the incidence of glaucoma between bilateral (nine eyes, 13%) and unilateral cataracts (six eyes, 15%, p = 0.780). The time interval between cataract surgery and glaucoma diagnosis was 15 AE 8.4 weeks (mean AE SD) with a range of 5-34 weeks. At last follow-up, seven eyes with glaucoma (46.7% of all glaucomatous eyes) required IOP-lowering pharmacological (topical) treatment. In addition, five eyes without glaucoma were on pharmacologic IOP-lowering treatment at last follow-up.
For the entire cohort, only five (4.6%) eyes required treatment for VAO. Eight (7.3%) eyes required surgical reposition or explantation of the BIL-IOL because of luxation into the vitreous or incarceration in the pupil. At least two of these cases were secondary to ocular trauma, and in one case, the luxation occurred adjacent to other ocular surgery. Three (2.8%) eyes had exchange of the BIL-IOL to a new IOL; in one of these cases, the exchange was due to calcification of the anterior surface of the IOL. This patient received a new BIL-IOL. In another eye, the BIL-IOL was exchanged due to large myopia secondary to glaucoma. In this case also, the patient received a new BIL-IOL. In the third case with IOL exchange, the BIL-IOL luxated twice into the vitreous, the capsular support was judged as insufficient and the patient received a three-piece IOL. Two (1.8%) eyes had -Some patients had more than one of the listed diagnoses. ** Some eyes had more than one of the listed ocular diseases. † † PFV, remnants of a. hyaloidal and lenticonus were considered as related conditions with a common aetiology. ‡ ‡ Some patients had more than one of the listed types of cataract. BIL-IOL = bag-in-the-lens intraocular lens, PFV = persistent foetal vasculature, SD = standard deviation.
IOL explantation and were left aphakic; in one of these cases, the explantation was due to recurrent iritis and in one patient the procedure was performed following luxation. Corrected distance visual acuity (CDVA) for the entire cohort of eyes at last follow-up was 0.51 AE 0.48 (log-MAR; mean AE SD) with 50 (48.5%) eyes attaining a CDVA of ≥0.5 (dec). For eyes with unilateral cataract, the corresponding number was 0.67 AE 0.51 with 15 (37.5%) attaining a CDVA of ≥0.5 and for bilateral cataracts CDVA was 0.42 AE 0.45 with 35 (55.6%) attaining a CDVA of ≥0.5 (p = 0.010 and 0.006, respectively, see Table 3 ). In the entire cohort, 59 eyes (58.4%) had amblyopia training (patching of the good eye); this number was 37 (92.5%) in the unilateral and 22 (36.1%) in the bilateral group, respectively.
Discussion
The cohort described in this study is representative of the paediatric cataract patients presenting at a tertiary ophthalmic centre, including unilateral and bilateral cases, disease-associated cataracts as well as traumatic and idiopathic cases. The phenotype of the cataracts also showed a great diversity with regard to type of opacities and degree of opacification. The age at surgery ranged from 2 weeks to 14 years of age with 22.6% of the patients being 12 weeks of age or younger. As expected, the unilateral and the bilateral cataracts differed in their association with systemic and ocular disease, with a majority of the patients with bilateral cataract (54.5%) suffering from systemic disease and/or malformations. The corresponding number in the unilateral group was 15%. On the contrary, coexisting ocular disease was considerably more common among the unilateral cataract eyes (35.0%) than among the bilateral cataracts (14.5%). In both groups, the predominant type of ocular comorbidity was PFV. Not surprisingly, the phenotype of the cataracts also differed between unilateral/bilateral cases with posterior subcapsular opacities constituting the major cataract type in unilateral cataracts, whereas lamellar opacities were the predominant type of cataract in the bilateral group. The high prevalence of posterior subcapsular cataracts in the unilateral group could theoretically be attributed to the higher frequency of PFV in this group. Visual outcome in eyes subjected to surgery because of unilateral cataract, with median CDVA 0.25 (dec.), was significantly worse than for bilateral cataracts (median CDVA 0.60). This discrepancy between the unilateral and bilateral groups was not explained by differences in age at surgery or in the incidence of secondary glaucoma. It is well-known that children with unilateral cataract develop more severe amblyopia and at a faster rate than do children with bilateral opacities (Comer et al. 2011; Ruddle et al. 2013 ). Despite extensive patching -92.5% of eyes with unilateral cataract were subjected to amblyopia training through patching of the other eye -only 37.5% of eyes in the unilateral group attained a CDVA of ≥0.5 (dec.). As younger age at surgery is a strong risk factor for development of secondary glaucoma, the strategy in our clinic has been to evaluate the effect of patching before making a decision to operate. In many cases of unilateral semidense cataracts, CDVA has improved substantially during amblyopia training, enabling us to postpone surgery and hence decrease the risk of complications. However, the risks associated with early surgery and the risk of irreversible amblyopia development is always a delicate balance and the optimal timing for surgery has to be determined for each individual case.
In this study, 15 of 109 eyes (13.8%) developed glaucoma after having been * Glaucoma was defined as persistent elevated intraocular pressure with at least one of the following signs; corneal oedema, buphthalmus, increased myopia/axial length and/or glaucomatous disc changes.
† Patients with elevated intraocular pressure at last follow-up who did not meet the criteria for glaucoma as described above. ‡ Including one of the patients in the exchange and one in the explantation groups, respectively. § In two eyes the BIL-IOL was exchanged to a new BIL-IOL and in one eye the BIL-IOL was exchanged to a three-piece IOL.
-Two eyes were left aphakic after IOL-explantation; one eye due to luxation and one eye due to recurrent iritis. BIL-IOL = bag-in-the-lens intraocular lens, IOL = intraocular lens, IOP = intraocular pressure. subjected to cataract surgery. This number is close to a previous study from the western part of Sweden, reporting an incidence of secondary glaucoma of 12% (Magnusson et al. 2000) . However, it should be noted that the older study by Magnusson et al. (2000) comprised mainly aphakic patients and it had a mean follow-up time of 9.6 years as compared to the 2.9 years in this study, making comparisons difficult. The incidence of secondary glaucoma reported here is similar to that found in other populations. Solebo et al. (2015) . reported an incidence of secondary glaucoma of 13% for a cohort of 216 children having cataract surgery the 2 first years of life. A 5-year incidence of 19% for secondary glaucoma was reported for pseudophakic patients in the infant aphakia treatment study and Kirwan et al. (2010) reported an incidence of 13% for secondary glaucoma in pseudophakic eyes with a follow-up of 56 months (Plager et al. 2014 ). The only report on the incidence of secondary glaucoma in paediatric cataract with primary implantation of BIL-IOL to our knowledge so far, detected one case of glaucoma (2.2%) during a 5-year follow-up (Van Looveren et al. 2015) . A major issue in paediatric cataract surgery is the high incidence of VAO. If leaving the posterior capsule intact, opacification has been reported in up to 100% of cases (Vasavada & Chauhan 1994; Knight-Nanan et al. 1996; O'Keefe et al. 2001) . A combination of a PCCC and anterior vitrectomy significantly reduces the rate of VAO and is nowadays the golden standard in paediatric cataract surgery (Vasavada et al. 2011) . However, the incidence of VAO remains high even with these measures, especially in infants where VAO rates of up to 70% have been reported (Lundvall & Zetterstrom 2006; Astle et al. 2009 ). The creation of the bag-in-the-lens technique is a means of avoiding the development of VAO by enclosing both the anterior and the posterior capsular openings thereby preventing the growth and migration of lens epithelial cells (Tassignon et al. 2002) . Van Looveren et al. (2015) reported a clear visual axis in 91.3% of 31 children having implantation of a BIL-IOL after a follow-up of 5 years. The corresponding number in this study was 95.4% for all eyes in the present cohort with a median follow-up of 2.8 years. As VAO in small children requires surgical discission under general anaesthesia, the low incidence of VAO using the BIL-IOL technique is a major advantage in paediatric cataract surgery (Fig. 3) .
The BIL-IOL implanted in the present cohort is made of hydrophilic acrylic material. Several studies have demonstrated a higher incidence of PCO in hydrophilic as compared to hydrophobic IOLs (Li et al. 2013; Sundelin et al. 2014) . However, with the design of the BIL-IOL, PCO is not an issue and the hydrophilic material can be used. Studies have shown that biocompatibility for hydrophilic IOLs is higher than for hydrophobic acrylic (Abela-Formanek et al. 2011) , something that is of extra interest in paediatric patients who have a more pronounced inflammatory response after surgery. One disadvantage with the material is the formation of calcium deposits on the anterior surface of the IOL, something that has been reported for several types of hydrophilic IOLs, including the BIL-IOL (Pehere et al. 2011; Dhital et al. 2012; Ni Dhubhghaill et al. 2015) . This artefact caused exchange of the BIL-IOL; however, a new BIL-IOL was inserted and calcification did no reoccur.
Luxation of the BIL-IOL anteriorly with incarceration in the pupil occurred in some patients but could most often be managed just by adding mydriatic drops. In eight eyes, however (7.3%), luxation of the BIL-IOL required surgical repositioning, explantation or exchange of the IOL. In most of these cases, the iris was captured in the groove of the IOL. Luxation of the BIL-IOL has been previously reported and is usually due to defect positioning of the IOL caused by oversized anterior and/ or posterior capsulorhexes (Tassignon et al. 2007 ). The advantage of the BIL-IOL design, however, is that it enables easy exchange , something that may be required in some paediatric cataract patients as they get older, as prediction of refractive outcome is a major difficulty in these cases. When adding the surgical interventions needed for VAO and for IOLrepositioning/exchange, the incidence of 16 (14.7%) eyes is still low as compared to the VAO rates reported in studies using other types of IOLs.
Van Looveren et al. (2015) reported very good visual outcome using the BIL-IOL in paediatric cataract with 86.7% of bilateral attaining a CDVA of ≥0.5% with corresponding number for unilateral cases being 31.2%. The visual outcome in this study was similar for the unilateral cataracts with 37.5% attaining a CDVA of ≥0.5, whereas in the group with bilateral cataracts, the corresponding number was 55.6%, thus lower than reported in the study by Van Looveren et al. One difference between studies that may explain this discrepancy is age at last visit. In our study, 53 patients had reached the age of 5 at last follow-up; 26 of whom had unilateral and 27 patients (39 eyes) with bilateral cataract. Among the unilateral, 54% attained a CDVA of ≥0.5 and 12% attained a CDVA of 1.0. In the bilateral group, 85% had a CDVA of ≥0.5 and 13% reached 1.0. Another explanation might be the age at surgery. At the Antwerp University Hospital, cataract surgery was performed at children from 2 months of age, whereas the youngest children in this study were 2 weeks old, with 22.6% of the patients in this cohort being 12 weeks of age or younger. Younger age at surgery is associated with more secondary glaucoma which may affect visual outcome (Trivedi et al. 2006; Michaelides et al. 2007) . Indeed, the incidence of secondary glaucoma in this study was 13.8% as compared to 2.2% in the study by Van Looveren et al. (2015) .
Regarding refractive outcome, Van Looveren et al. (2015) reported a mean refraction of À1.99 dioptres (D) AE3.70 (SD) at the end of a follow-up of ≥5 years. In the present study, followup was between 7 months and 5.8 years with a median of 2.9 years. When excluding children <5 years of age at last follow-up (n = 62), mean refraction was À0.30 D AE 2.8 (median 0.0 D, interquartile range À0.91 to +0.81 D). Except for three eyes of two children, refraction at last follow-up was between À4.0 D and +2.75 D. For the two children with unsatisfactory refraction, one patient with Down's syndrome and bilateral cataract developed high myopia (À12.75 D and À11.75 D). The other patient had unilateral cataract with PFV and was highly hyperopic (+9.0 D) at last follow-up.
A limitation of the present study is that the cohort comprises children of a wide range of age at surgery, a variable that has great impact on the risk of complications. Also, the cohort includes both unilateral and bilateral cataracts, as well as cataract associated with ocular comorbidity, systemic disease or without known predisposing conditions. In addition, a few patients had cataract secondary to trauma. Thus, the present cohort comprises children with different prerequisites in whom prognosis can be expected to differ substantially. However, the main rationale behind this study was to describe a surgical technique and lens prosthesis in a wide paediatric population, so it was a deliberate choice to be inclusive in this first report from our group on the subject. Hence, the only children excluded from the study were those who were treated with another surgical technique; that is patients with paediatric cataract secondary to uveitis, in whom cataract surgery was combined with pars plana vitrectomy at the time (Palsson et al. 2015) .
In summary, this is the largest cohort so far reported of paediatric cataract patients with primary implantation of BIL-IOL. The present data show good visual and refractive outcome even though the cohort includes children operated on at very young age and with a high proportion of ocular comorbidity. The incidence of secondary glaucoma is comparable to previous reports, and the rate of VAO is very low, the latter being the main advantage using this type of IOL. Also, the possibility of easy exchange of the BIL-IOL is another attractive feature of this technique.
